In most studies on microbial nutrition today, commercial vitamin-free casein digests are used as sources of amino acids. In many cases, the workers have reported the inability of amino acid mixtures to replace the hydrolyzates and have concluded that peptides were required. In the present investigation a similar observation was made. However, with further study, we were able to demonstrate that the activity of the digest was due, not to peptides, but to long chain fatty acids. Estimation of growth. Growth was measured with the Lumetron colorimeter, using uninoculated medium to set the instrument to an OD of zero. When the OD was greater than 0.4, the tube contents were diluted with water and the density was reread. The figures given represent; the product of the observed optical density and the dilution factor.
commercial vitamin-free casein digests are used as sources of amino acids. In many cases, the workers have reported the inability of amino acid mixtures to replace the hydrolyzates and have concluded that peptides were required. In the present investigation a similar observation was made. However, with further study, we were able to demonstrate that the activity of the digest was due, not to peptides, but to long chain fatty acids.
MIATERIALS AND METHODS
Identification of organism. The culture isolated in our laboratory was identified by the procedures of the Society of American Bacteriologists, Committee on Bacteriological Technic (1957) , i. e., fermentations, indole production (Gnezda and Kovacs tests), gelatin liquefaction, starch hydrolysis, action on litmus milk, and utilization of NH4H2PO4 as sole source of nitrogen; and the methods recommended by Smith et al. (1952) , i. e., gelatin hydrolysis, production of urease, production of nitrite from nitrate, production of acetylmethylcarbinol, and casein hydrolysis. Catalase was detected by gas evolution upon addition of 3 per cent (v/v) (Breed et al., 1957) , although it cannot be placed in any of the described species. On the other hand, the classification of Shaw et al. (1951) figure 1 . Time course experiments on hydrolysis showed that most of the activity was liberated after one hour. Since many of the growth-promoting effects of casein digests on bacteria have been traced to peptides, we immediately tested high levels of single amino acids (0.5 to 3 mg per ml) which usually replace peptides (Peters et al., 1953; Demain and Hendlin, 1958) . However, none 2.0. showed activity. Furthermore, the following peptides were tested and also were inactive: glutathione (0.2 to 50 ,ug per ml), histidyl histi-, dine (0.2 to 50 ,ug per ml), cysteinyl glycine 2.0 (0.2 to 50 ,ug per ml), and carnosine (1 to 10 ,ug per ml). p. to increasing (2) Activity of fatty acids:-It was next found ein and its acid that most of the activity of the 24 hr hydrolyzate could be removed by a continuous ether extraction at low pH (see figure 2) . The extract, after the ether was removed by evaporation, was taken up in absolute ethanol and was found to ROLYSATE be highly active. Thus, a fatty acid requirement was indicated. Oleic acid was tested and was highly potent, allowing half-maximal growth at 130 m,ug per ml. Figure 3 shows the effect of oleic acid on the lag phase of the organism. Since this was the first indication of a fatty acid requirement in the genus Sarcina, we studied the nutrition of the organism in some detail. We were first interested AFTER in finding out whether the need for oleic acid was EXTRACTION connected in any way with a biotin requirement as it is with some other microorganisms (Nieman, . 25 1954). These experiments showed that the or-22.5 ganism has no biotin requirement either in the p. to increasing presence or absence of oleate and that the vitamin zate of vitamin-had no effect on the oleate stimulation. This was her extraction. also shown by the lack of inhibition by avidin, (Eakin et al., 1941) , in both the presence and absence of oleate. We did note, however, that Sarcina sp. had an absolute requirement for some other component of our vitamin mixture. Elimination experiments showed that nicotinic acid was required. The requirements for nicotinic acid was completely independent of the oleate stimulation.
Other unsaturated fatty acids were capable of substituting for oleate as shown in table 2. Also quite potent was lactobacillic acid, a C19 saturated compound with a cyclopropane ring (Hofmann et al., 1958) . Only those acids which were tested more than once are listed in the table. Single experiments were conducted with several other compounds. It was found that elaidic acid, the trans form corresponding to oleic acid was much less active than the latter, requiring several ,ug per ml. A similar result was obtained with erucic acid (C22, mono-unsaturated). The phospholipids, lecithin, and cephalin were not as active as oleic acid but were still quite potent, allowing half-maximal growth at levels below 1 ,ug per ml. Triolein had only about 1 per cent of the activity of oleic acid. The only inactive unsaturated acid tested was the Cll mono-unsaturated undecylenic acid.
All the saturated acids tested other than lactobacillic were inactive. The following acids were examined at various concentrations ranging in general from one to 100 ,ug per ml: acetic, butyric, isobutyric, n-valeric, caproic, n-heptanoic, caprylic, nonanoic, capric, undecanoic, lauric, tridecanoic, myristic, palmitic, margaric, stearic, arachidic, and (Nieman, 1954) in its stimulation by unsaturated acids and the lack of activity of the saturated forms. The activity of the cyclopropane fatty acid, lactobacillic acid, was not surprising in view of the work of Hofmann and Panos (1954) with the lactic acid organisms.
The present investigation demonstrates the presence of stimulatory fatty acids in commercial casein digests rendered vitamin-free. Thus, we encountered a nutritional situation which had many of the superficial symptoms of a peptide requirement but which turned out to be something quite different. Our results should point up the danger of assuming peptide requirements on the basis of a limited amount of evidence, i. e., activity of hydrolyzates and inactivity of pure amino acid mixtures.
Years ago, several investigators (Cohen et al., 1941; Hutner, 1942; Feeney et al., 1943) pointed out that the traces of milk fat present in crude casein digests were stimulatory to various microorganism with fatty acid requirements. Since then a large number of studies have been published on the fatty acid requirements of microorganisms, especially the lactic acid organisms. In these investigations, the source of amino acids was usually a vitamin-free casein digest. In view of our results, we wondered how fatty acid requirements could be demonstrated and studied in such media. The answer lies in the larger quantities of unsaturated fatty acids required by these organiisms in contrast to Sarcina sp. Whereas our culture shows optimum growth below 1 ,ug per ml (and inhibition at higher levels) most of the previously studied species have been reported to require at least several jg per ml. In our own laboratorv we have found the following concentrations to be required for half-maximal growth of Lactobacillus acidophilus strain ATCC 4963 in a medium containing vitamin-free acid-hydrolyzed casein (per ml): oleic 2.5 ,ug, lactobacillic 2.5 ,ug, linolenic 42 ,ug, arachidonic > 50,ug, and linoleic > 100 lg (Demain, Hendlin, and Newkirk, unpublished 
